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ABSTRACT 
Semichemical pulping involves both mechanical and chemical 
pulping techniques. In semichemical pulping the liquor is in 
contact with the chips for a relatively short period of time. The 
faster the liquor can penetrate the chips before they see 
mechanical action, the better the pulp properties. The effects of 
adding a surfactant to the liquor was studied. It was found that 
the anionic ethoxylated surfactant which was added at the addition 
rate of 5#/ton to non-sulfur semi-chemical pulping liquor increased 
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INTRODUCTION
Special properties of semichemical pulps including high yields
and paper stiffness make it the pulp of choice for corrugating
medium. In semichemical pulping there is a relatively brief period
of time in which
compared to full
the liquor is in
chemical pulping.
contact with the chips, as
In this short period, the
liquor softens and chemically modifies the chips before they are
subject to mechanical action in a disc refiner, which completes the
pulping process.
To avoid odor produced from sulfur compounds in neutral
sulfite semi-chemical pulping, non-sulfur pulping with a sodium
carbonate and sodium hydroxide liquor was developed. This process
has only been used commercially since the 1970's, making it
relatively new and worthy of further study.
To investigate possible improvements to this pulping process,
the effects of adding a surfactant to the liquor will be
researched. Surfactants lower the surface tension of liquids.
Depending on the mechanism of liquid penetration considered, this
may increase or decrease the penetration of liquor into chips.
Past work dealing with the impact of surfactants on capillary rise,
forced penetration, and emulsifying extractables will give some
background on the significance of studying any impact surfactants
may have on non-sulfur semimechanical pulping.
ANALYSIS OF LITERATURE
When considering liquor entering a chip due to capillary
5 
forces, the surface tension of the liquor becomes important. 







h2 = r . s . t / 2 n 
the rise 
radius of the capillary 
surface tension of the liquid 
seconds 
viscosity of the liquid 
(Rydholm 1) 
Since surface tension is the driving force in capillary rise, any 
addition of a surfactant, which lowers s, wi 11 not · improve 
penetration (Rydholm 1), Rydholm notes that in forced penetration 
of hardwoods, penetration is improved by the addition of 
surfactants due to capillary rise being less important. 
Wirspa and Libby (Wirspa i) conducted a study on the 
penetration of neutral sulphite cooking liquors into yellow birch 
wood that included forced penetration. The logs were cooked in a 
horizontal type rotary digester. Samples of the 24 in. logs were 
cut at regular intervals from both ends to monitor liquor 
penetration. They detected sodium from the salt-bearing liquors 
using the standard gravimetric method described in TAPPI-623 m-
44. To study the impact of a surfactant on the liquor penetration,
the following conditions were carried out on cooks with and without 
the surfactant: pre-evacuation of the digester with a vacuum of 
23.5 in. mercury for 45 min. then a hydrostatic pressure of 200-
225 psi for the duration of the cook (all cooks at 140 deg. C, for 
6 hrs.) (Wirspa i). 
The results of the cooks were that the average sodium content 
6 
was higher in the logs treated with the surfactant. The average 
sodium content between 3 and 9 inches (measured from the end) in 
the log without th• surfactant was approximately 18.3 mg. per gram 
of oven dry wood, and the same measurement for the surf act ant 
treated wood was 23.0 mg. per gram of oven dried wood (Wirspa 2). 
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Another experiment involved using the same surfactant (Triton 
N-100, Rohm & Haas Co.) compared the moisture of wood (all starting
at 11%) that was soaked in distilled water and also in a .05% 
solution of Triton N-100, both for 4.25 hours. The wood in the 
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surfactant solution reached a higher moisture content than did the 
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This shows that surfactants can improve penetration of water or 
neutral sulphite liquors (Wirspa .£), 
Research done by Diehm, Larson, and Meinstein involving the 
use of a surfactant in the cold caustic pulping of aspenwood showed 
encouraging results (Diehm �). Some of the benefits they found 
were ... "the sodium xylene sulfonate [SXS] -treated fibers are 
softer, defiber faster and more readily, requiring less power in 
refining and expelling processes. The most pronounced advantage 
in using SXS would appear to be in the increased pulp yield 
obtained." They go on to say the surfactant allows the chemicals 
in the pulping liquor to be used more efficiently (Diehm�). There 
were slight increases in strength and noticeably higher yields with 
the surfactant treated pulps which when considered in combination, 
indicated better fiber separation with reduced fiber damage (Diehm 
�). 
Hanson studied the effects of adding a surfactant to non­




and NaOH (Hanson A:_). Cooks 
were made in a laboratory bomb digester at 170°C (338°F). The 
liquor to wood ratio was 3:1 and the wood was 60% Oak and 40% Soft 
Maple. With a Na2C03 to NaOH ratio of 6:1, cooks were made with and 
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without the surfactant (Triton X-400, an aqueous dispersion of 
stearyl dimethyl benzyl ammonium chloride at 25% solids). The 
results showed that Concora increased noticeably. 





possibly due to 
overcooking. Other properties tested were yield, tensile, tear, 
and mullen. These either remained the same or decreased when the 
surfactant was added to the cook (Hanson�). 
Chen researched the effects of adding a surfactant to Kraft 
pulping (Chen�). The benefits described are less cooking liquor 
needed while at the same time a higher pulp yield. The method of 
the surfactant's effectiveness is explained as wetting and 
emulsifying the extractables which inhibit liquor flow. By opening 
blocked passage routes, the liquor is able to spread throughout the 
chip. This reduces the rejects and kappa number (Chen�). The 
trial data on this research does not show a strong correlation, but 
even small increases in yield can provide large economic payoffs. 
EXPERIMENTAL 
To determine the effects of adding a surfactant to non-sulfur 
semi-chemical pulping liquor, batches of chips were pulped under 
identical conditions with the exception of a surfactant being added 
to some and not others. For reproducability, three batches were 
cooked without surfactant and three with surfactant. The chips 
were then defibered, screened, refined, and made into paper. This 
paper was then tested for strength properties. The goal of this 
process was to create a noticeable difference between the 
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conditions. 
An explanation of the experiment in detail is as follows: 
mixed hardwoods were pulped in a M&K laboratory batch digester with 
14.6% N�2C03 and 3.1% NaOH based on O.D. wood. Batch sizes were
1100 g O.D. chips. The liquid to wood ratio was 4:1. The H­
factor was adjusted to give a pulp yield of about 79%. Six batches 
were pulped, three without surfactant and three with 5#/ton 
nonionic ethoxylate surfactant (Nonatel 1120 Shell Chemical Co.). 
The bat ch es we re def i be red i n a Bau e r -1 2 i n . d i am et e r d i s k 
refiner with coarse plates. Each pulp was passed through the 
refiner three times with decreasing plate clearances each 
consecutive ti me. The first pass was at . 03 in., the second at . 01 
in., and the third pass was at .005 in. Pulp was aided in flowing 
through the refiner with flush water running continuously. The 
pulp was dewatered with a laundry style centrifuge between passes. 
Next, the pulp was screened on a .006 in. Valley vibratory 
flat, slotted screen. The configuration of the screen was a pond 
of water above the screen with a pulsating diaphragm below. For 
each pulp, the entire quantity was split into 55 gram amounts and 
screened for ten minutes. 
The accepts from the screen were then divided into samples to 
be refined. To refine the pulp, a P.F.I. Mill was used. Five 
levels of refining were carried out to give a CSF range of 700 to 
300 ml . For each refining level handsheets were made on a Noble 
and Wood handsheet machine. Sheet basis weights were around 60 ± 
3 g/m2 • The papers were conditioned at 50% RH and 73°F for 24 hrs. 
1 0 
and then tested. The tests included tensile, tear, burst, and 
scattering coefficient 
PRESENTATION AND DISCUSSION OF RESULTS 
Th� following Figures and Tables (1 through 9) indicate the 
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Overall , it is apparent that the addition of the surf act ant 
reduced the effectiveness of the pulping chemicals and lowered the 
strength of the resulting paper. Evidence for this conclusion 
comes f'.om the pulping conditions and paper testing results. 
As seen in Figure 1 (and Table 1 ),· the H-factors of the cooks 
without surfactant are the same as those cooks with surfactant. 
Also, the chemical addition was identical in all cooks. The only 
condition which changed was the addition of the surfactant. Figure 
2 (and Table 2), show that the yields with and without surfactant 
are nearly the same. The pulp yield with surfactant was about 0.5% 
higher, but this difference was not statistically significant using 
a t-test. 
The hypo number of the pulps are reported in Figure 3 (and 
Table 3). The pulps produced containing surfactant had higher 
hypochlorite numbers, which indicates a higher lignin content in 
these pulps. Assuming a normal distribution of sampling values, 
the confidence level that the averages are different was above 95%. 
This indicates that surfactant diminished the effectiveness of the 
pulping liquor. 
Figure 4 (and Table 4) illustrates that the refining response 
was similar for both the surfactant containing pulp and non­
surfactant containing pulp. Initially, the pulps were around 700 
CFS which was lowered to around 300 CFS with 18,000 revolutions. 
The freeness decrease was fairly linear. 
The apparent densities are given in Figure 5 (and Table 5). 
The two conditions produced similar densities. The trend was as 
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expected, as refining increased the apparent density increased. 
Another substantial result of adding the surfactant to the 
pulping process can be seen in Figure 6 (and Table 6). In this 
graph it can be seen that the refined p�lp produced a difference 
in tensile strength. The pulping ·condition containing the 
surfactant produced weaker pulp as measured by the tensile strength 
of the papers. Comparisons of the tensile strengths at refining 
levels of 4,000 through 18,000 revolutions show significant 
differences. The confidence level that the averages are different 
is 99% based on the assumption that the sampling values follow a 
normal distribution. To be thorough, the same data was analyzed 
assuming that the sampling values followed a Student-t 
distribution. With the t-test, the confidence level that the 
averages (4,000+) were different was at least 95%. Thus, the 
difference was statistically significant. 
Two possible causes for this tensile strength difference are 
that either the higher lignin content interfered with bonding or 
there was residual surfactant in the pulp. The hypo numbers 
support the idea that the surfactant containing pulping condition 
gave a higher lignin content and this could be the reason for the 
reduced strength. To further investigate the possibility of some 
surfactant residual interfering with bonding, an additional 
experiment was conducted. 
To test whether or not the washing of the pulps was effective 
in removing the surfactant, a washing test was performed. Using 
the pulp that was cooked without the surfactant, the equivalent 
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amount of surfactant was introduced to it. The time of exposure 
was similar to that of the pulping time. The washing conditions 
were less extensive than when the original pulps were processed. 
For the wash test, the pulp was diluted and thickened with the 
laundry style centrifuge only once instead of three times as in the 
original. The screening through the .006 in. slotted screen also 
served to wash the pulp. This surf act ant-washed pulp was then 
refined for 8,000 revolutions and made into handsheets. These 
papers had similar tensile strength to the pulp which was free of 
added surfactant. This evidence indicates that the surfactant in 
the original pulp was effectively rinsed out and had no detrimental 
effects on the bonding in the handsheets. A comparison of the 
wash test pulp to the other pulps is shown in Figures 4-6; included 
are: freeness response, apparent density, and tensile index. 
Figure 7 (and Table 7) show the effect of the surfactant on 
burst index. The trend is similar to tensile index. Burst depends 
strongly on fiber bonding similar to that of tensile strength, and 
the results of the two tests agree. The confidence level that the 
averages are different for the O revolution is 87% and for the 4000 
revolutions is 99%. The variance of the values sampled for the 
8000, 12000, and 18000 revolutions are too high to support a 
significant confidence level. 
The tear index results in Figure 8 (and Table 8) are similar 
for the two pulps. The slight differences that exist are not 
statistically significant. 
handsheet s we re very low 
The tear strengths of the hardwood 




The tear values were in the very low range of the 
Figure 9 (and Table 9) show that the scattering coefficient 
was low.er in the pulp produced with surfactant in the digester. 
The confidence level that the means are different is 82%. 
Scattering coefficient generally decreases as bonding in the sheet 
increases. From these results it seems that the pulp cooked with 
surfactant present had higher bonding. This is not consistent with 
the tensile and burst results. The reproducability of this test 
was low. Perhaps with more samples the relationship would have 
been more clear. Also, scattering coefficient is dependent on the 
nature of the surface and void structure as well as bonding level. 
CONCLUSIONS 
From this study the following conclusions can be made: 
1) Anionic ethoxylate surfactant added to the digester process
caused the lignin content of non-sulfur semi-chemical pulped 
hardwoods to increase. 
2) The tensile strength and bursting strength of the pulps
made with the surfactant were lower than that of the pulp cooked 
without the surf--actant. This is consistent with higher lignin 
content causing lower bonding. 
RECOMMENDATIONS 
If further work was of interest, the use of different types 
of surfactants would be a ogical step. Also similar experiments 
24 
carried out with the Sunds CD3000 Defibrator (continuous digester) 
would be informative. 
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Table A-1 


























The Effects of Surfactant on Hypo Number 
Without With 
Hypo Number .11. 9 13.5 
(measured "1 2. 3 13.5 
twice) 13.8 12.8 
12.6 12.8 
12.9 1 3 . 1 
12.8 1 3. 7 
Avg. 12.7 13.2 
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Table A-4 
The Effects of Surfactant on Canadian Standard Freeness (ml) 
Refining 
Revolutions Without � 
0 707 730 693 710 
4000 600 480 580 553 
8000 560 461 504 508 
12000 430 430 380 41 3 
18000 350 320 300 323 
With � 
0 710 660 620 697 
400 550 605 520 558 
8000 380 390 420 397 
12000 410 435 400 415 
18000 324 280 345 316 
Table A-5 
The Effects of Surfactant on Apparent Density ( g/ cm
3 )
Refining 
Revolutions Without � 
0 0.247 0.238 0.243 0.243 
4000 0.266 0.257 0.280 0.268 
8000 0.273 0.277 0.263 0.271 
12000 0.269 0.274 0.265 0.269 
18000 0.270 0.285 0.286 0.281 
With � 
0 0.234 0.239 0.224 0.232 
4000 0.271 0.246 0.255 0.257 
8000 0.276 0.276 0.263 0.272 
12000 0 .284 0.267 0.272 0.274 
18000 0.303 0.2840 0.271 0.286 
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Table A-6 
The Effects of Surfactant on Tensile Index ( Nm2 / g) 
Refining 
Revolutions Without � 
0 4.98 4.93 4.96 4.96 
4000 7.32 9.82 8.52 8.55 
8000 1 1 . 01 11 . 45 9.80 10.76 
12000 11 . 69 10.72 9.99 10.80 
18000 12.49 13.46 12.86 12.94 
With � 
0 5.01 5.90 4.60 5. 1 7
4000 8.87 7.00 7.20 7.68
8000 11 . 2 8 1 0. 1 3 8.40 9.93
12000 10.92 9.96 9.03 9.97
18000 1-1-.36 11 . 58 10.26 12.07
Table A-7 
.,..he Effects of Surfactant on Burst Index (kParn 2/g) 
Refining 
Revolutions Without � 
0 0. 1 56 0. 1 28 0. 1 46 0. 1 43
4000 0.245 0.236 0.248 0.243
8000 0.326 0.336 ,) . 238 0.300
12000 0.288 0.301 0.259 0.283
18000 0.345 0.385 0.374 0.368
With � 
0 0. 1 25 0. 1 51 0. 1 09 0. 1 28
4000 0.252 0. 182 0. 183 0.205
8000 0.330 0.287 0.218 0.278
12000 0.306 0.249 0.249 0.268
18000 0.432 0.345 0.282 0.353
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Table A-8 
The Effects of Surfactant on Tear Index ( mNm2/g) 
Refining 
Revolutions Without AYiL_ 
0 2.04 1 . 95 2.49 2. 1 6
4000 2.47 2.51 2.65 2.54
8000 2.98 3.56 3.50 3.35
12000 2.54 3.29 2.69 2.84
18000 3.31 3.95 2.99 3.42
With AYiL_ 
0 1 . 95 1 . 92 1 . 96 1 . 91 
4000 2.95 1 . 79 2.52 2.42 
8000 3.83 2.96 2. 1 7 2.99 
12000 2.97 2.51 2.50 2.66 
18000 3.30 2.23 2.54 2.69 
Table A-9 
The Effects of Surfactant on Scattering Coefficient (m2/kg) 
Without With 
Scattering Coeff. 1 1 . 1 8.53 
24.3 8.24 
12.5 1 2 . 1 
12.9 8. 19
1 4. 2 1 8. 1
11 . 5 10.4 
11 . 3 10.7 
16.2 1 2 . 1 
1 4. 2 10.7 
14.8 9.46 
8.56 1 5. 2 
9.59 12.9 
5.83 1 4. 1 
1 2 . 1 9.29 
10.6 12.0 
AYiL_ AYiL_ 
12.64 1 1 . 4 7 
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